S U M M A R Y At the mouse neuromuscular junction (NMJ), there are two distinct cholinesterases (ChE): acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) . Until now, it has been difficult to determine the precise localization of BChE at the NMJ. In this study, we use a modification of Koelle's method to stain AChE and BChE activity. This method does not interfere with fluorescent co-staining, which allows precise co-localization of ChE and other synaptic molecules at the NMJ. We demonstrate that AChE and BChE exhibit different localization patterns at the mouse NMJ. AChE activity is present both in the primary cleft and in the secondary folds, whereas BChE activity appears to be almost absent in the primary cleft and to be concentrated in subsynaptic folds. The same localization for BChE is observed in the AChE-knockout (KO) mouse NMJ. Collagenase treatment removed AChE from the primary cleft, but not from secondary folds in the wild-type mouse, whereas in the AChE-KO mouse, BChE remains in the secondary folds. After peripheral nerve injury and regeneration, BChE localization is not modified in either normal or KO mice. In conclusion, specific localization of BChE in the secondary folds of the NMJ suggests that this enzyme is not a strict surrogate of AChE and that the two enzymes have two different roles. (J Histochem Cytochem 58:1075 -1082 , 2010 K E Y W O R D S butyrylcholinesterase neuromuscular junction acetylcholinesterase knockout mouse cholinesterases inhibitors TWO DISTINCT cholinesterases (ChE) are located at the neuromuscular junction (NMJ): acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) (Minic et al. 2003) . The physiological role of AChE (EC 3.1.1.7.) in nicotinic cholinergic synapses is believed to terminate impulse transmission by rapid hydrolysis of the neurotransmitter acetylcholine (ACh). In contrast, the physiological role of BChE (EC 3.1.1.8.) at the NMJ is still under debate. The currently favored hypothesis regarding the function of BChE is that it acts as a poison scavenger, protecting AChE from inactivation (Duysen et al. 2002) .
Advances in mouse genomics offer new approaches for assessing the physiological role of BChE. AChEknockout (KO) mice have been obtained and characterized. Although they do not express AChE, they do express a normal level of BChE (Li et al. 2000; Chatonnet et al. 2003; Adler et al. 2004) . AChE-KO mice present a phenotype with many characteristics resembling the cholinergic syndrome seen in wild-type animals poisoned with anticholinesterase agents: they exhibit body tremor, muscle weakness, and susceptibility to seizures Duysen et al. 2002; Chatonnet et al. 2003) . AChE-KO mice are able to move, breathe, and feed and can survive for several weeks (Li et al. 2000; Xie et al. 2000; Mouisel et al. 2006 ). However, they exhibit marked altered neuromuscular functioning (Adler et al. 2004; Mouisel et al. 2006) . In AChE-KO mice, ACh is likely to be hydrolyzed by BChE and to be slowly removed from the synaptic cleft by diffusion (Adler et al. 2004; Duysen et al. 2007) . Additional evidence that BChE functions in vivo to hydrolyze ACh has been provided by AChE-KO mice, which die when BChE activity is inhibited with chlorpyrifos oxon (Duysen et al. 2007) , indicating that BChE activity is essential for the survival of AChE-KO mice.
Until now, it has been difficult to obtain information concerning the precise localization of BChE in pre-and postsynaptic elements of the NMJ, mainly due to the lack of selective immunofluorescent markers for BChE. Across the synaptic cleft, the muscle endplate surface is organized into the primary postsynaptic membrane, which contains high concentrations of acetylcholine receptor (AChR) and faces the nerve, and the secondary postsynaptic membrane, which concentrates voltage-gated sodium channels and other molecules and is invaginated, forming the secondary synaptic clefts (Patton 2003) .
In this work, we studied ChE localization at the NMJ of normal and KO mice. We used a modification of Koelle's method (Zajicek et al. 1954; Melki et al. 1991) to stain AChE and BChE activity. Light microscope allowed us to directly observe a white precipitate of copper mercaptide at the sites of enzyme activity, avoiding the second step with an ammonium sulphide solution, which leaves a brown deposit consisting of copper sulphide (Zajicek et al. 1954) . Under these conditions, ChE cytochemistry does not interfere with fluorescent co-staining, thereby allowing precise co-localization of ChE, AChR, neurofilament, and laminin at the NMJ.
We then addressed the following questions: Do the localizations of AChE and BChE at the mouse NMJ exhibit a similar pattern? Is BChE localization in the KO mouse NMJ similar to its localization in the wild-type mouse? Does collagenase treatment, which releases matrix-associated enzyme, release ChE from normal or KO mouse NMJ? Are the reasons identical for the high concentrations of AChE and BChE found at the NMJ? Do peripheral nerve injury and regeneration modify BChE localization in wild-type and KO mouse NMJ? Does neuromuscular functioning recovery following nerve injury and regeneration differ in normal and KO mice?
Our hypothesis is that AChE and BChE could be situated at different levels of the synaptic clefts in NMJ, allowing distinct roles for the two enzymes.
Materials and Methods

Animals
All procedures were carried out in accordance with French national and European Union legislation regarding animal experimentation. AChE-KO and wild-type mice were provided by the Département de Physiologie Animale of INRA (Montpellier, France), where they were maintained by breeding heterozygous males and females (129/Sv genetic background). The original founders were kindly provided by Dr. O. Lockridge (Eppley Institute; Omaha, NE). Feeding nullizygous mice with an enriched liquid diet (Renutryl 500; Nestlé, Sèvres, France) allowed some animals to survive and pass through the weaning period into adulthood (Duysen et al. 2002) . After at least 7 days of acclimatization in the mouse facility at the Faculté des Sciences (Université Paris-Est; Créteil, France), mice aged around 6 weeks were anesthetized with pentobarbital sodium (60 mg/kg) and studied.
ChE Cytochemistry and IHC
The mice were killed, and their levator auris longus (LAL) and gastrocnemius muscles were dissected. LAL muscles are very thin muscles that are commonly used as whole-mount preparation. The gastrocnemius muscle was embedded in Tissue-Tek OCT Compound (Qiagen; Courtaboeuf, France), frozen with dry-ice isopentane, and sectioned at 10 mm in a cryostat. Whole-mount preparations of LAL and cross-sections of gastrocnemius were incubated for 30 min in PBS containing 6% BSA to block nonspecific binding sites. Staining of endplate AChRs was accomplished by incubation (1 hr) with either teramethylrhodamine isothiocyanate-conjugated a-bungarotoxin (10 mg/ml) or Alexa Fluor 488conjugated a-bungarotoxin (10 mg/ml; Sigma-Aldrich Chimie, St Quentin-Fallavier, France). a-Bungarotoxin binds to the a-subunit of the nicotinic AChR in the NMJ and to a-7 in the central nervous system (Csillik et al. 1999) . The preparations and sections were then washed three times in PBS before detection of ChE activity. We used a modification of Koelle's method (Koelle and Friedenwald 1949; Zajicek et al. 1954; Melki et al. 1991) to stain ChE activity. Preparations or sections were preincubated in substrate-free medium for 10 min before incubation at pH 7 (0.1 M phosphate buffer) in the presence of acetylthiocholine iodide (Sigma-Aldrich) for 20 min at 20C. To distinguish AChE from BChE, preincubation and incubation mixtures were supplemented with 10 24 M tetraisopropylpyrophosphoramide (iso-OMPA), a selective inhibitor of BChE, or with 5 3 10 25 M 1:5-bis (4-allyldimethylammoniumphenyl)-pentan-3-one dibromide (BW284c51; Sigma-Aldrich), a selective inhibitor of AChE (Feng et al. 1999) . Where indicated, sections were treated with highly purified bacterial collagenase (800 U/ml, type VII; Sigma-Aldrich) for 60 min at 37C before staining (Feng et al. 1999) .
For IHC, sections were incubated for 1 hr at 20C in the presence of primary antibodies diluted with 1% BSA and 0.4% Triton X-100 in PBS in parallel with a-bungarotoxin. The primary antibodies were anti-NF-200 rabbit polyclonal IgG 1/50 (Sigma-Aldrich) and anti-laminin rabbit polyclonal IgG 1/50 (Sigma-Aldrich). Sections were then washed three times in PBS and incubated for 2 hr with the secondary antibody, FITC donkey anti-rabbit 1/50 (Interchim; Montluçon, France). Control sections were processed at the same time and in the same way, except that PBS was used instead of the primary antibody. No stained structures were seen in the controls. After three washes in PBS, sections were treated for ChE activity detection. The mounting medium used is Shandon Immu-Mount (Thermo Shandon; Cergy-Pontoise, France).
Digital Imaging Microscopy and Image Analysis Software
Conventional microscopy images were obtained using a CCD monochrome camera (CFW-1310M; Scion; Frederick, MD) fitted to a BH-2 epifluorescence optical microscope (Olympus; Rungis, France) with a C-mount optical adaptor (0.33). Sequential single image acquisition was obtained from the Scion VisiCapture 2.0 software, using a 403 objective (immersion oil, NA 1.3).
Image processing and original software realizations were accomplished using ImageJ software (Rasband 1997 (Rasband -2010 . Co-localization of fluorescent markers and modified Koelle's staining precipitates was made as follows: modified Koelle's staining was imaged by bright field microscopy while maintaining the focal plane used for the fluorescent marker (a-bungarotoxin staining AChR) signal acquisition. The absorbanceencoded image of the transmitted light obtained was inverted and its background was removed. Image panels and apparent co-localization were accomplished using the previously described ImageJ tool (Carpentier 2005; Keller et al. 2007 ). Staining areas for ChE and AChR were measured using a previously developed fluorescence-labeling segmentation method (Blondet et al. 2002; .
Nerve Injury and Neuromuscular Functioning Measurements
In anesthetized wild-type and AChE-KO mice, the right sciatic nerve was exposed and crushed with a fine forceps at the mid-thigh level for 10 sec. The left hind limb served as the control. Fourteen days after nerve injury, we studied in situ isometric tetanic maximal force production in response to nerve stimulation of the tibialis anterior (TA) muscle, as previously described (Mouisel et al. 2006) . Mice were anesthetized with pentobarbital sodium (60 mg/kg). The knee and foot were fixed using clamps and pins. The distal tendon of the TA muscle was attached to a force transducer. The sciatic nerve was stimulated upstream of the nerve injury with a bipolar silver electrode, using a supramaximal (10 V) square wave pulse of 0.1 msec duration. All isometric contraction measurements were done at an initial muscle length of L0 (length at which maximal tension was obtained during the twitch). The maximal force was measured during isometric contraction in response to electrical stimulation (frequency 25-150 Hz; duration train 500 msec).
Results
ChE and AChR Localization in Mouse NMJ ChE cytochemistry was carried out using Koelle's incubation medium, but avoiding ammonium sulphide processing. Cytochemistry without ammonium sulphide treatment did not interfere with AChR staining by fluorescent bungarotoxin, thus allowing precise co-localization of ChE and AChR. Figure 1 shows that ChE staining overlaps AChR staining for gastrocnemius muscle transverse sections ( Figures 1B and 1A , respectively, and Figure 1C for a combination of Figures 1A  and 1B ) and for whole-mounted LAL muscle (Figures 1E, 1D, and 1F) .
ChE and AChR staining areas were outlined, and their surfaces were measured (Table 1 ). The ChE surface area is statistically greater than AChR surface area for gastrocnemius and LAL. Using our staining method, we achieved the comparison of AChR localization (mostly corresponding to postsynaptic membrane in the primary cleft) and ChE localization (primary cleft and secondary folds).
Distinct Localizations for AChE and BChE in Mouse NMJ
To distinguish AChE and BChE activities, we supplemented the reaction mixture either with 10 24 M iso-OMPA, a selective inhibitor of BChE, or with 5 3 10 25 M BW284c51, a selective inhibitor of AChE, as described in Materials and Methods. We first demonstrated that no ChE activity was detected in wild-type mouse in the presence of both 10 24 M iso-OMPA and 5 3 10 25 M BW284c51 (not shown). Figure 2 shows a distinct localization for the two enzymes. AChE activity in gastrocnemius ( Figure 2B ) or LAL ( Figure 2H) is localized in the primary cleft and secondary folds (spiny appearance of the borderlines of the AChE-positive gutters). In contrast, BChE activity in gastrocnemius ( Figure 2E ) and LAL (Figure 2K ) exhibits a very different pattern. We did not observe precise co-localization between AChR and BChE ( Figures 2F and 2L) , even if we were not able to exclude partial overlapping of the two stainings. Instead we observed crystalline linear structures from different orientations, evoking subsynaptic NMJ folds. The crystals observed (in the BChE labeling) correspond to the accumulation of the Koelle's reaction product, in the putative secondary fold regions.
BChE Localization in AChE-KO Mouse NMJ
In AChE-KO mice, ChE activity is exclusively due to BChE. Cytochemistry for ChE (i.e., BChE) activity (blue) was carried out in parallel with differential fluorescent staining (red for AChR and green for neurofilament or laminin; Figure 3 ) in cross-sections of KO mouse gastrocnemius muscle. BChE localization in mutants ( Figures 3C and 3G) is similar to BChE localization in normal mouse ( Figure 2E ). There was no precise co-localization with AChR ( Figures 3D and  3H , red) of linear structures present in the subsynaptic apparatus ( Figures 3D and 3H , blue). To precisely situate BChE localization at the mutant motor endplate, axons and motor nerve terminals were stained with anti-neurofilament antibody ( Figures 3B and 3D , green) and basal lamina was stained with anti-laminin antibody ( Figures 3F and 3H, green) . It should be noted that BChE is mainly co-localized with laminin ( Figure 3H ), thus associated with the subsynaptic apparatus rather than with presynaptic terminals ( Figure 3D ). However, we cannot exclude a possible localization of the BChE at the presynaptic level.
Effect of Collagenase Pretreatment on AChE in
Wild-type Mouse NMJ and on BChE in KO Mouse NMJ Normal mouse gastrocnemius sections were pretreated with collagenase, which releases matrix-associated enzyme. These sections were then incubated for AChE cytochemistry in Koelle's medium supplemented with 10 24 M iso-OMPA ( Figures 4A-4C ). We observed that AChE was absent from primary cleft and almost exclusively present in crystalline linear structures (Figures 4B and 4C, blue) . Collagenase treatment appeared to release AChE from primary cleft but not from junctional folds.
KO mouse gastrocnemius sections were also pretreated with collagenase and incubated in Koelle's medium for BChE cytochemistry (Figures 4D-4F ). BChE is present in linear structures (Figures 4E and 4F, blue) , and its localization does not differ from that of untreated KO mouse gastrocnemius sections (Figures 2E and 2F, blue) . Collagenase treatment does not seem to release BChE from KO mouse NMJ.
BChE Localization in Wild-type and KO Mouse NMJs After Nerve Injury and Regeneration
When peripheral nerve was injured, AChE reappeared after reinnervation at the original sites (Massoulié and Millard 2009 ). However, it is not yet known whether that is the case for BChE. In previous work ) analyzing muscle maximal force at different times, we showed that nerve regeneration and A-D were obtained from the same NMJ, observed in fluorescence after staining with bungarotoxin (A), by anti-neurofilament antibody (B), or in bright field for Koelle's precipitate (C); D is a composite of the three images (red for AChR, blue for BChE, and green for neurofilament). E-H were obtained from the same NMJ, observed in fluorescence after staining with bungarotoxin (E), by anti-laminin antibody (F), or in bright field for Koelle's precipitate (G); H is composite of the three images (red for AChR, blue for BChE, and green for laminin). Bar 5 10 mm.
Figure 4
Effect of collagenase pretreatment and nerve injury on ChE localization at normal and KO mouse NMJ. A-C were obtained in normal mouse gastrocnemius muscle cross-sections, from the same NMJ after collagenase pretreatment, observed in fluorescence after staining with bungarotoxin (A), or in bright field after AChE cytochemistry (in presence of iso-OMPA; B). C is a composite of both images (red for AChR and blue for AChE). D-F were obtained in KO mouse gastrocnemius muscle cross-sections, from the same NMJ after collagenase pretreatment, observed in fluorescence after staining with bungarotoxin (D) or in bright field after BChE cytochemistry (E). F is a composite of both images (red for AChR and blue for BChE). G-I were obtained in normal mouse gastrocnemius muscle cross-sections, from the same NMJ 14 days after nerve crush, observed in fluorescence after staining with bungarotoxin (G) or in bright field after BChE cytochemistry (in the presence of BW284c51; H). I is a composite of both images (red for AChR and blue for BChE). J-L were obtained in KO mouse gastrocnemius muscle cross-sections, from the same NMJ 14 days after nerve crush, observed in fluorescence after staining with bungarotoxin (J) or in bright field after BChE cytochemistry (K). L is a composite of both images (red for AChR and blue for BChE). Bar 5 10 mm. muscle reinnervation are achieved in normal mouse 2 weeks after nerve crush injury. In KO mouse, determination of maximal force (Table 2 ) allowed us to measure functional recovery.
To localize BChE in the muscle of normal mice 14 days after sciatic nerve crush, ChE cytochemistry was carried out on gastrocnemius cross-sections, using Koelle's incubation medium supplemented with 5 3 10 25 M BW284c51. Nerve injury and regeneration are known to induce synaptic remodeling. We found ( Figures 4H and 4I ) that localization after crushing is similar to BChE localization in non-crushed mice (Figures 2E and 2F ); no precise co-localization with AChR ( Figure 4I ) and presence of crystalline linear structures ( Figures 4H and 4I, blue) . For KO mice, cytochemistry was also done 14 days after crushing ( Figures 4K and 4L, blue) . BChE localization did not exhibit marked differences for BChE in non-crushed normal (Figures 2E and 2F , blue) and KO mice (Figure 3G) . It therefore seems that BChE localization is not modified after nerve regeneration in both normal and KO mouse NMJ.
We also studied neuromuscular functioning 14 days after sciatic nerve crush injury. Muscle maximal force in response to nerve stimulation is markedly reduced 2 days following nerve injury (3.3 % of non-crushed muscle). As shown in Table 2 , KO and normal mice recovered, respectively, 50.2% and 35.6% of their maximal force. Moreover, recovery of muscle weight was 63.1% in KO and 68.8% in normal mice at 14 days (Table 2 ). These results indicate that 2 weeks after nerve crush, KO mice are able to partially recover maximal force production and muscle weight, as observed in normal mice.
Discussion
Using a modification of Koelle's method that allowed co-staining of ChE with fluorescent markers and taking advantage of AChE-KO mice, which express only BChE, we have been able to answer the questions addressed earlier.
First, we demonstrate that AChE and BChE exhibit different patterns of localization in normal mouse NMJ. AChE activity is present both in the primary cleft and in the secondary folds, whereas BChE activity appears to be concentrated in structures that evoke sub-synaptic folds and almost absent in the primary cleft. The same localization for BChE is observed in KO mouse NMJ. In normal and KO mice, we did not observe precise co-localization between BChE and AChR. It has long been known that AChE is concentrated at extraordinarily high levels in both the primary synaptic cleft and the secondary folds (Couteaux and Taxi 1952; Salpeter 1969; Anglister et al. 1998 ). Csillik et al. (1999) observed that under the light microscope, the patterns obtained with AChE staining techniques are invariably characterized by the spiny appearance of the borderlines of the AChE-positive gutters. These "spiny" structures, named "organites" by Couteaux (1955) , are light microscopic equivalents of the junctional folds (Csillik et al. 1999) . We showed that ChE is distributed to a surface area greater than that of AChR. This result has also been described by Martinez-Pena y Valenzuela and Akaaboune (2007).
It has been established that at least part of the endplate AChE is located in the basal lamina (McMahan et al. 1978) . The activity observed long ago at the endplate by histochemical methods (Couteaux and Taxi 1952) is mainly due to asymmetric forms of AChE associated with basal lamina (Inestrosa and Perelman 1989; Aldunate et al. 2004; Massoulié and Millard 2009) .
To our knowledge, this is the first observation of a specific localization for BChE at the NMJ, and it is different from AChE localization. Several authors (Li et al. 2000; Minic et al. 2003; Girard et al. 2007 ) have shown BChE staining at the endplate of normal or KO mice, but the method used did not indicate the precise localization of the enzyme. Using our modified Koelle's method, we precisely localized AChR stained with fluorescent bungarotoxin and BChE activity in the same NMJ. BChE activity appears as needle-shaped crystals, which, in conformity with the theories of Koelle, are regarded as being Cu thiocholine (Zajicek et al. 1954) . Our results showed that in normal animals after AChE inhibition and in KO mice, these crystals are nearly absent from the primary postsynaptic membrane of the NMJ (identical with the crests of the postsynaptic membrane), which is stained by bungarotoxin. In contrast, they are present in structures that appear to be folds of the secondary postsynaptic membrane.
Second, BChE localization in KO mouse NMJ appears identical to BChE localization in normal mouse NMJ. We did not find precise co-localization of BChE with AChR, and BChE appears to be associated with synaptic folds. It has been established that BChE activity and distribution in KO mice were not affected by deletion of the AChE gene (Li et al. 2000; Chatonnet et al. 2003; Adler et al. 2004) . There was no increase in the level of BChE activity to compensate for the lack of AChE activity in KO mice. Third, in normal mouse, collagenase treatment, which releases matrix-associated enzyme, seems to release AChE from the primary cleft of the NMJ, but not from junctional folds. Collagenase treatment in KO mouse does not affect BChE localization at NMJ: BChE is still present in folds of the secondary cleft.
Much of the AChE in the NMJ occurs in forms that have been called asymmetric (Massoulié and Bon 1982) . Synaptic AChE is stably associated with the basal lamina, which runs between the motor nerve terminal and the postsynaptic membrane at the NMJ (McMahan et al. 1978; Sanes and Hall 1979) . The collagen tail of asymmetric AChE is likely to be critical for anchoring the enzyme to the basal lamina (Vigny et al. 1983; Rotundo et al. 1998 ). However, the molecular mechanism or mechanisms underlying its attachment at sites of nerve-muscle contact are still poorly understood (Rotundo et al. 2008) .
Moreover, some synaptic AChE may be globular (Anglister et al. 1994) , and some asymmetric AChE is found extra-synaptically (Sketelj and Brzin 1985; Blondet et al. 1986 ).
Our results show that after collagenase treatment, AChE is still present in secondary folds of the NMJ. These results may indicate that some synaptic AChE, especially in secondary folds, is not collagen-tailed.
Concerning BChE, we showed that collagenase treatment did not remove the enzyme from its localization in KO mouse NMJ; BChE remained in secondary folds. Similarly, Li et al. (2000) showed that treatment of crude muscle homogenates with collagenase did not release BChE activity in AChE-KO mice. They concluded that there is a different molecular basis for the high concentrations of AChE and BChE at the murine motor endplate. It seems unlikely that a collagen-tailed form of BChE is highly abundant at the NMJ or is upregulated in the absence of AChE.
Fourth, we showed that BChE localization 14 days after nerve injury and regeneration is not modified in both normal and KO mouse NMJ. It is well known that following peripheral nerve injury, motor axons regenerate to form new NMJ at the original synaptic sites (Ramon Y Cajal 1928; Sanes 2003) . Moreover, if denervation induces the disappearance of collagen-tailed AChE, AChE reappears after reinnervation at the original sites (Massoulié and Millard 2009 ). Concerning BChE, Feng et al. (1999) show that denervation had little effect on BChE at normal mouse NMJ. These results are in agreement with our observation of an unchanged localization for BChE at normal mouse NMJ after nerve injury and regeneration.
In addition, we showed that both wild-type and KO mice exhibit the same recovery for muscle weight and maximal force production in response to nerve stimulation after nerve injury, suggesting that KO mice are able to regenerate their axons and form functional NMJs.
In conclusion, the most important contribution of our study is the observation of a specific localization for BChE in the subsynaptic folds of the NMJ, whereas it is scarcely present in the primary cleft. BChE present in subsynaptic folds may contribute to the hydrolysis of ACh and serves as a backup for AChE.
It should be noted that inhibition of AChE in normal mouse NMJ increases the maximal height and slope of the endplate potential (Minic et al. 2003) , but inhibiting BChE does not change the shape of the potential. Following inhibition of AChE or in KO mice that do not express AChE, inhibition of BChE has no effect on the shape of the endplate potential. This suggests that BChE does not hydrolyze the ACh that is active on receptors (Girard et al. 2007 ). However, BChE inhibition decreases the probability of ACh release by the motoneuron (Minic et al. 2003) . It has been suggested that BChE is localized in perisynaptic Schwann cells and that the role of BChE at the NMJ would be to protect nerve terminals from an excess of ACh (Girard et al. 2007 ). Another explanation for these results is that the two enzymes, AChE and BChE, do not hydrolyze the same pool of ACh. This could result from the fact that these two enzymes are situated at different levels of the synaptic clefts. AChE is mainly located in the primary cleft in regions overlapping the receptor, which would limit the duration of action of ACh. BChE is situated in secondary folds in the periphery of the active zone, which would eliminate ACh that spilled over the active zone. The secondary folds would serve as a sink for excess ACh that is to be hydrolyzed, and the choline produced would be available for recapture by the motoneurone. The different localization of AChE and BChE could also act on different pools of ACh acting on different muscarinic receptors, which have opposite presynaptic functions in modulating quantal ACh release. Nevertheless, the specific localization of BChE in the secondary folds of the NMJ suggests that this enzyme is not a strict surrogate of AChE and that the two enzymes have two distinct roles. 
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